pard has had a leading role in the development of the undergraduate engineering curriculum at Stevens, including innovations in design education and initiatives to include entrepreneurship, sustainability and global competency for undergraduate students.
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Medical Device companies where she honed her expertise in commercial development and new product launches for medical devices. Her experience includes many years of clinical interface with surgeons and NY metro area hospitals, as well as successful business collaboration with senior decision makers of global medical device companies.
In her earlier years, she served in product development and project management roles for chemical and biochemical process systems, i.e. capital equipment used to manufacture pharmaceuticals, medical products, and other specialty chemicals. Throughout her career, she has proven that she has tactical skills and expertise to match her unique and creative strategic insights.
Since arriving at Stevens in 2004, Dr. Hazelwood has led a grass roots effort to create and implement an environment of excitement, creativity, and entrepreneurship among Biomedical Engineering researchers. She has created a lab for Translational Research in Medicine, which, in addition to having successfully launched a start-up company, has spawned several patents and patent applications, all of which have intimately engaged collaborative teams including physicians, industry experts, technical experts, and students throughout the process.
Dr. Hazelwood has successfully brought entrepreneurship into the academic research and educational process, and, in just 3 years, has lead the development of a venture capital backed start-up company, SPOC Inc.-a point of care product for pain management-for which she served as President and CEO, and her student founders are co-inventors and full time employees. The company has received $1MM in extramural (venture institutional) financial backing and has received 510K clearance from the FDA.
Researchers who work in Dr. Hazelwood's lab are asked to help develop a solution to an unmet medical need, and that solution is to be brought from inception through to clinical use within a 3 to 5 year period. Dr. Hazelwood's focus is on problems in public health; her teams work on projects that will address unmet needs in public health, and will contribute to reducing costs and improving clinical outcomes. As physiologic systems engineers, the engineering research teams work in close collaboration with physicians and other expert clinicians to develop technologies that better recognize and interpret physiologic function. Many such projects are focused upon the goal to more accurately diagnose injury or disease, and improve outcome efficacies. Dr. Hazelwood has written a book (Hazelwood, Vikki, Do College Students Benefit from School Required Activity. Saarbrücken, Germany, VDM Publishing, 2008), and has been invited to speak at Grand Rounds (NYMC) and also as Plenary Lecturer at the Biomedical Engineering Summit to share her work.
Dr. Hazelwood's recent collaborations have resulted in valuable and novel public health solutions. Her work has spawned 7 patent applications, which include her undergraduate students as authors. These projects included doctors and clinical teams from Hackensack University Medical Center, New York Medical College, University of Medicine and Dentistry New Jersey, and New York University. Dr. Hazelwood has served in roles as Principal Investigator, co-PI, Sponsor and Advisor to human clinical trials that have been conducted at these institutions to support the commercial development of technologies conceived and developed in her labs. She also holds a research position in the Department of Emergency Medicine at HackensackUMC.
Dr. Hazelwood's students have proven their excellence by having earned 5 US patents based upon their senior design projects, with several more patent applications in the pipeline. In addition, they have earned regional and national acclaim for their projects.
Dr. Kishore Pochiraju, Stevens Institute of Technology (SES)
Kishore Pochiraju is an Associate Professor in the Mechanical Engineering department and also the Director of the IDEaS program at Stevens Institute of Technology, Hoboken, NJ. He received his PhD in 1993 from Drexel University and joined Stevens after working as a postdoctoral fellow at the University of Delaware. His expertise spans product design, advanced manufacturing, materials insertion and knowledge-based systems integration. His current externally-funded research is on the design of real-time electro-mechanical robotic systems, high-temperature materials and micro-/nano-scale devices. He edited one book and authored 3 book chapters and nearly 125 journal and conference proceedings papers. He is a member of ASME, IEEE and American Society for Composites (ASC). 
A Pilot for Integrating Capstone Design with a Two-Semester Innovation & Entrepreneurship Course Sequence
Abstract A pilot program at Stevens Institute of Technology is described to integrate senior-year capstone engineering design with a two-semester course sequence that addresses innovation and entrepreneurship (I&E), these topics representing an evolving core thread in the curriculum to address the demands of 21 st Century careers. The pilot has specifically addressed the challenges of doing this with multidisciplinary design projects. The pilot team comprised experienced capstone design coordinators from several disciplines together with faculty members who teach entrepreneurship. Separate multidisciplinary sections of the two-semester senior capstone design course had a lead faculty coordinator with other faculty advisers as consultants where appropriate from the disciplines involved in each of the projects. The two-course I&E sequence was integrated with the capstone design courses. Most importantly the senior project teams were scheduled into an I&E course section as a team to facilitate the capstone project integration with these courses. The courses strived to directly develop the relevant I&E concepts in the context of each design project. The paper discusses the significant challenges in implementing a coordinated approach, especially in the multidisciplinary context, including the need to meet program capstone outcomes and more recently achieve consistency across core outcomes in addition to those that are program specific. Student and faculty assessment of the pilot to date show good progress made but challenges remaining. A significant feature of this initiative is its goal to scale the approach to all engineering programs at the university.
Introduction
Engineering educators are challenged to prepare their students with the knowledge and competencies that will support success both in the immediate post-graduation period and also as the foundation for careers in the rapidly changing global environment in which these will be pursued. It is not sufficient to educate engineers just to be technically competent. Engineering curricula and the accreditation criteria for engineering programs have evolved to reflect this reality by demanding that an array of non-technical and contextual competences be addressed. One critical contextual domain is an understanding of the business context of engineering. For success in 21 st Century careers students need more than just an appreciation of the business context, they need to understand and be able to contribute effectively to value generation, whether that be for the products or services of a company, to establish a new venture or increasingly for themselves as they compete to demonstrate their value in an increasingly international marketplace for technical skills. The context is one in which entrepreneurial thinking and competences will be a key success factor. In response we are seeing increasingly around the nation the inclusion of entrepreneurship into engineering curricula through various approaches, either directly through courses or modules, or integrated into a course or by offering a minor for a subset of motivated students.
Byers & others 1 have recently described this trend, its motivators and the approaches being taken by engineering programs. They point to student interest as a significant feature, referring for example to research by Duval-Couetil 2 & others who have shown that 70% of engineering senior students surveyed agreed that entrepreneurship education would broaden their career prospects and choices. Although it was also noted that two thirds of the students surveyed intended to work for medium or large companies. It was further found that "those who had taken one or more entrepreneurship courses showed significantly higher entrepreneurial self-efficacy on a number of measures".
The growth of entrepreneurship programs in engineering undergraduate education has been studied by Shartrand & others 3 finding that "the vast majority of programs were labeled as minors, concentrations or certificates" rather than integrated into the core curriculum. This research has also provided detailed categorization of the models being implemented to provide a "landscape" by clustering types of opportunities and the perspective by which they are taught 4 . Much of the delivery of entrepreneurship education is via courses, however it is argued by Neck 5 & others that these courses highlight process and an abstraction more akin to teaching science rather than developing students to think entrepreneurially, to embrace situations with incomplete information and develop the creativity and other traits needed for success. They point to designbased learning, reflective practice, serious games and simulations, and actually starting a business as the pedagogy to address the method rather than just the content needed for effective entrepreneurial education.
There are programs that have reported efforts to couple entrepreneurship to the senior capstone as context. Brouwer approaches to incorporate entrepreneurship that will not be repeated here. The A&M initiative is specific to certain programs and focuses on developing the capstone project at completion along two routes to commercialization, either as a new venture or as a licensing opportunity, with business school students participating to assist this focus.
At Stevens Institute of Technology there has been for many years an institutional commitment to creating a more entrepreneurial culture on campus for both faculty and students. This was addressed in the core engineering curriculum through course elements in the sequence of design courses and also through design projects, summer research opportunities, competitions, etc 9 . Later this evolved to include a core seventh semester course with a significant business and entrepreneurship content. In a core curriculum revision in 2005, entrepreneurship was added as an educational outcome for all engineering programs in addition to those that align with ABET outcomes a through k. An entrepreneurship minor was added in 2007 that is available to any engineering student. In 2014 a 2-credit Introduction to Innovation & Entrepreneurial Thinking course was added to the core engineering curriculum for all students in the second semester of their Freshman year.
Review of the progress towards developing the desired I&E competencies of students, including from student assessment, input of the faculty involved and by engagement with external stakeholders, including program advisory boards, indicated that in addition to the elements described above there was a need to create greater context for and stronger coupling of entrepreneurship to the core engineering curriculum. The capstone two-semester senior design projects were judged, by a committee charged to provide a response, to be an important vehicle to achieve this goal. This decision aligns with the design-based pedagogy argument of Neck et al. 5 that was noted above. This use of the capstone represented a natural evolution as some of the capstone faculty advisers were already making this coupling with the teams they advised.
A pilot program was established to explore the integration with the capstone of a revised version of the seventh semester business & entrepreneurship course by spreading the entrepreneurship course over both semesters of senior year and teaching it with the individual capstone projects as the basis, integrating both the capstone and entrepreneurship course workflows and deliverables. This pilot also prompted a review of the manner in which the senior capstone courses of all engineering programs were managed, with the goal to move to more uniformity in workflow, deliverables and assessments and hence assurance of outcomes across programs. In this context, the pilot targeted multi-disciplinary projects as both the greatest challenge to implementation, but also because the goal is for such projects to become the primary mode for the capstone projects in the future, reflective of the reality of engineering practice. The progress of the initial phase of this pilot was reported previously 10 and we now provide an update following expansion and revision based on assessment.
Pilot Program Context
Stevens Institute of Technology has 9 engineering programs and had an entering Freshman class size across all engineering programs of 523 students in Fall 2014. The senior-year capstone is a two-semester course sequence awarded three credits per semester with an expected one full day per week commitment. Traditionally each program had established their own requirements for the senior capstone within the general credit framework and responsive to disciplinary accreditation requirements. A limited number of multidisciplinary projects had been conducted each year with arrangements made on advising and student deliverables/assessment on a per project basis, not following a standard template.
Organization of the Pilot

Phase 1 Capstone senior design courses
In Phase 1 of the pilot the healthcare domain was addressed and then expanded to include energy. The objective was to add to the technical outcomes of the capstone by also fostering innovation and entrepreneurial thinking while also developing associated competences in teaming, communication, leadership, strategy, identifying and addressing markets and customers, and the development of relevant business concepts. The pilot was initiated in Fall 2011 with 20 students with projects only in the healthcare domain all led by the biomedical engineering capstone coordinator supported by disciplinary faculty advisers as needed. It was expanded in 2012 to approx. 50 students in two domains; healthcare and energy with an additional coordinator running the energy domain projects after having shadowed the first implementation. It was further expanded in Fall 2013 to 130 students in three domains: healthcare, energy and robotics with a third coordinator engaged to oversee the robotics projects, again having shadowed the prior activities.
Figure 1 Outline of coverage of design and I&E elements within the senior capstone design courses and concurrent Senior Innovation courses over the Fall and Spring of senior year.
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Senior Innovation Course
The I&E course referred to above was given the name Senior Innovation and for the pilot students it replaced the core 3-credit Business & Entrepreneurship lecture course that they would have normally taken in Fall of senior year. The latter included some significant elements of entrepreneurship but addressed them in a didactic manner rather than through the context of the senior project. It is this context that is at the heart of the new approach, coupled to the goal of having the Senior Innovation course closely integrated with the concurrent design course on key topics and deliverables. The other key change was that the 3-credits were split over the Fall and Spring semesters to allow the Senior Innovation course to be coupled over the full academic year of the senior project. In Phase 1 this was done with a 50:50 split of the credits. In Phase 2 it was decided that the integration and workload were better served by having two credits in the Fall and one credit in the Spring.
In Figure 1 is seen three columns of elements. Not all elements are shown. The first two columns are associated with the pilot senior design courses shown as E 423X for Fall and E 424X for Spring, each 3 credits. The first column has the technical elements traditionally associated with the senior project, the second column shows the I&E elements that are addressed within the senior design courses in the projects and their deliverables while leaning on the Senior Innovation course for their concurrent content development. The Senior Innovation course is labeled TG 403 for Fall and TG 404 for Spring.
Student Feedback on Phase 1 Pilot
The students were surveyed to provide their feedback during Phase 1.
On the positive side the students appreciated many of the key elements targeted in the pilot including in general the integration of the Senior Innovation coursework with the senior capstone design course. They saw the multidisciplinary design projects as broadening perspective beyond their major as did the inclusion of the I&E elements in the design courses and Senior Innovation. The latter they saw as useful to their projects for the most part. The students overall gave a strong endorsement of the pilot with 95% indicating that they would recommend it.
Concerns were largely with the degree of communication between the design course and the Senior Innovation course instructors, and with the coordination of these courses. The criticisms were most explicit about some elements being disconnected or too late to be of value to the project. Some students did not understand the value of some deliverables to their project. Working in a multidisciplinary team and project was a concern for some students due to the additional challenges they experienced compared to their perception of those they would have faced on a disciplinary project and team.
It should be noted that the Phase 1 pilot required all projects to generate a patent disclosure and produce a short "pitch" presentation typical of those expected when seeking venture funding. A number of the disclosures resulted in provisional patent filings by the university.
Faculty Feedback on Phase 1 Pilot
The development team met regularly to try to achieve the desired coordination both across the design projects and between the design and Senior Innovation courses. In reviewing Phase 1 they made a set of recommendations that included ones that address issues with the teaching/management of capstone design in general:
• Capstone (and other) design courses must be under the supervision of faculty with significant and relevant design experience to be effective. This is often not the case in a research university. The transition to a Professor of Design (of the Practice) (POD) model was strongly advocated. The POD should be the primary agent for generating design projects interfacing with the client/sponsor to understand needs and manage expectations and work with the disciplinary faculty advisers who would support each project. The POD would coordinate a number of projects in a domain. The POD should be a full-time appointment without other teaching duties.
• Common capstone course scheduling across all engineering programs is needed to support multidisciplinary projects. (this scheduling was achieved starting with the 2013/14 academic year).
• A common set of content knowledge and project requirements must be included in all capstone courses to ensure core outcomes are met, especially on the "soft skills". Disciplinary engineering programs can supplement with program-specific requirements. The core set may be facilitated by expert faculty teaching common classes. The common set of requirements must be required and assessed for all projects.
Phase 2
Changes made in response to Phase 1 Phase 2 built on the experience and feedback of Phase 1. In the Fall of 2014 the program was expanded to approx. 240 students from 6 engineering programs. For the 2014/5 year, in addition to the multidisciplinary projects, several engineering programs adopted the pilot format for their disciplinary capstone projects. A working goal was full implementation of the paradigm embodied in the pilot across all engineering programs (approx. 500 students) in 2015/16.
In Phase 1 of the pilot there was only one section of the Senior Innovation courses (TG 403 Fall/TG 404 Spring) but that was expanded to six sections in Phase 2 with multiple instructors. The syllabus for both TG 403 & TG 404 were also revised based on the feedback of Phase 1. In concert, the management, content and outcomes of the capstone senior design courses across the engineering programs of the university were also reviewed by an expanded development team comprised of the senior design coordinators from several more engineering programs and two faculty members involved in organizing and teaching the Senior Innovation courses.
It was clear to the team that if the pilot was to be scaled up to meet the goal of being implemented across all engineering programs of the university, it was necessary to address some significant issues related to the capstone structure and management. In the pilot there had been an ability to maintain a fairly rigid workflow across design groups and sections even when distributed into the three domains under three coordinators, although with some lessening of this control as the pilot grew from one to three coordinators in disparate domains. This fully prescriptive workflow and deliverables was considered to be a barrier to engagement of all programs, but it was desired to maintain a core template to ensure some level of uniformity in outcomes and assessment for all programs, both with multidisciplinary and disciplinary senior capstone projects.
A particular concern in broader application of the approach across all engineering programs was the inclusion of projects and disciplines that do not lend themselves to a product or service where there is an obvious entrepreneurial link apparent to the students when trying to link the project to content in Senior Innovation and associated deliverables. One example is civil engineering where the projects may have no obvious entrepreneurship link, such as a major infrastructure project, and is a field where engineers typically are not working in a context that has new product or process creation. It is for this reason that the project teams need to be assigned to a Senior Innovation section led by a faculty member who can make the right connections, so that the students can appreciate the entrepreneurial approach in a less obvious context and also deliver appropriate content to their project to meet the needs of both courses without being discouraged.
It was therefore agreed to adopt a broadly aligned workflow and deliverables across all programs and projects in the Phase 2 pilot while still providing flexibility for programs to include their own requirements. One key mechanism to maintain alignment, both across programs and projects and to help the integration with the Senior Innovation courses, was to use a Senior Projects report template required of all groups with major milestones and associated assessments with credit. Deliverables into the report, which is built over the two semesters of the capstone, include items that are developed within the Senior Innovations courses in association with the individual projects. As previously described, the Senior Innovations courses use the capstone projects as the basis for teaching in a workshop rather than didactic format. Table 1 shows how the capstone design course workflow is integrated with the Senior Innovation course content over the two semesters for Phase 2 and the milestones. The milestones are included in the Senior Design Report template with the goal that, while exact timing may vary between programs and projects, all milestones will be addressed with assessments that carry the same value and form to ensure multidisciplinary projects do not suffer from varying expectations form each of the disciplines involved, something that has handicapped multidisciplinary projects in the past. The goal is to also use common assessments where they make sense, especially for non-disciplinary outcomes in both the design and innovation courses, such as for teaming, communications etc.
Phase 2 results
The first semester of the Phase 2 pilot program was recently completed. It is too early to assess the impact of the changes on the senior projects' course workflow relative to the goals across all projects and programs. Student assessment for the capstone course have not yet been analyzed. We have some early indication that we have made some progress towards meeting the templatebased goals. We are also aware that some projects started later than desired due to the problem of not having the project defined before the Fall semester started. This is well recognized by the team as a challenge that has to be solved to be able to consistently meet the goals of the program.
The end-of-semester student assessments for the Fall 2014 Senior Innovation (403) course have been examined. Two ongoing concerns of the students expressed in comments are the coordination between senior design and senior innovation, although we have reason to believe this has improved significantly from Phase 1 based on anecdotal input from the senior design coordinators. 
Invention disclosures and Innovation Expo preparation
May -Final Week
Milestone #5: Final report submission, Innovation Expo. + Alpha demonstration: Show all the components and sub-systems and how they fit together. System integration is not necessary but functionality of all individual sub-systems must be demonstrated. ++ Beta Demonstration: All sub-systems must be integrated and the system must be fully functional. The team must be able to demonstrate the operations of the design in realistic user environments.
The other ongoing concern of students is the one already noted above, namely the relevance of entrepreneurship to certain majors. This will be a continuing challenge with some students and majors but one we expect will be assisted by the recent introduction of the Freshmen year Introduction to Innovation & Entrepreneurial Thinking course, which can set the backdrop of why entrepreneurship can have relevance in the myriad of contexts that the students may find themselves in on graduation.
We have not yet executed on the strong proposal of the development team coming out of Phase 1 to have all senior projects overseen by Professors of Design. We have several faculty members who are transitioning to this full-time role and a commitment from the Provost to support this full transition. However, this requires not only significant funding, but an equally challenging search to hire the individuals with the requisite design background and teaching competences across the range of engineering programs where the gaps exist.
Summary and Conclusions
We have established a significant pilot program to integrate a two-semester innovation & entrepreneurship course sequence with the senior capstone design courses with a particular focus on doing this in the challenging context of multidisciplinary design projects. This pilot was expanded over several years from a small cohort engaged in a single topical domain, namely healthcare, where close control could be maintained by a very experienced coordinator with strong industry experience and connections. It has been expanded to embrace several new domains and faced the demands created by meeting disciplinary engineering program needs while creating an effective multidisciplinary project and integrating entrepreneurship elements that may not have obvious relevance to all students and projects. In further scaling up with a goal to have the approach adopted by all engineering programs for both multidisciplinary and disciplinary programs, we have created a common workflow and deliverables that retain sufficient flexibility to serve all constituencies while assuring a uniformity of outcomes across projects and programs. The scale up has brought new challenges, especially ones unsurprisingly associated with needing to coordinate many design advisers and entrepreneurship instructors in the two integrated course sequences. It has also not yet met expectations for the true integration that is desired. A comprehensive review following assessment of the current first implementation of the Phase 2 scale up will determine if the program is ready for full scale up and the further changes needed to make it happen.
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